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T HE selection of New 
Departures for air- 
plane installations in 
present day machines is as 
much the result of observ- 
ation of war time service 
as competitive laboratory 
tests. New Departure su- 
periority is as marked in 
one as the other. 
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S O much is constantly said in English aeronautical publica- 
tions about the supposedly advanced position British 
aircraft design holds in the aeronautical held and of the 
alleged immense superiority of British designed aircraft — one 
naturally following the other — that one cannot repress a dis- 
tinct shock on beholding in a recent issue of a British contem- 
porary the pictures of the aircraft exhibited at the Olympia 

Show. 

With one or two exceptions there is not an airplane or a 
seaplane in the London Show which is not either a commercial 
adaptation of a war design, or a commercial design produced 
shortly after the Armistice, and so over a year and a half old. 
There is a remarkable lack of new developments, not only 
in aeronautical engineering proper, but also in the commercial 

No attempts can be found toward a more rational utiliza- 
tion of wing surfaces in the shape of strutless wing cellules, or 
internally braced monoplane wing, or improved wing truss 
members. Nor has this important problem of multiple power 
plants been touched in the slightest manner. The few mnlti- 
engined airplanes exhibited still follow the most orthodox 
method of carrying their power plant distributed along the 
wings and hardly accessible units. 

In contrast to this disappointing showing, a full page of 
illustrations in the present issue brings out graphically the real 
advnnee German aircraft designers have made toward solving 
some of the above named problems, and this despite the finan- 
cial struggles their country is undergoing. 

But we need not look altogether to Germany to witness prac- 
tical progress in aeronautical engineering. American aircraft 
designers can, without boasting, point out some of their own 
creations as highly advanced specimens of the modem flying 
machine. Without mentioning any particular makes, we can 
favorably compare various American designed pursuit ma- 
chines, ground attack planes, ship's scouts, torpedo planes, etc. 
with the corresponding foreign products. And the same ap- 
plies to purely commercial types, such as mail planes and 
cabin flying boats. 

This state of affairs is nnfortunntcly not known to the gen- 
eral public, which might gain in being enlightened to the fact 
that American aircraft designers, far from being back num- 

until now they hold a position which should be pleasing to all 


A Pneumatic Hangar 

A portable hangar of novel design has been built by a 
French firm. It is an arch-shaped structure of fabric which 
derives its rigidity not from a frame-work, but from the main- 
tenance of tension in the fabric by means of pneumatic pres- 
sure. The structural principles involved arc those of the non- 
rigid airship. 

The advantages of this hangar are that it may be erected 
quickly by one or two men with the aid of an air pump or 


blower. The pressure required is small. The erection can be 
made on unprepared ground. When in use the dead air space 
between the inner and outer walls forms an excellent heat in- 
sulator. 

The hangar may be taken down in a minute and packed in 
a small and light bundle for transportation. 

The drawback of this construction is obvious, namely, the 
likelihood of puncture of the fabric, with the resulting loss of 
shape or collapse of the hangar. 


Effects of Monoplane Popularity 
One of the effects of the return to favor of the monoplane 
may be to retard the investigation of biplane wing character- 
istics. Most of the aerodynamic tests on aerofoils have been 
made on monoplanes and the meager data which have been 
obtained on biplanes and triplanes show that it is not correct 
to assume that the “biplane effect” obtained from one wing 
curve is applicable to another. While it has been customary 
to judge the relative merits of different wing sections from 
monoplane model tests, there is a strong demand for biplane 
tests upon which to base such comparisons, and the number of 
biplane tests — particularly on the more popular sections, is 
increasing. In view of the growing use of monoplanes, there 
is doubt that the increase will continue. 

The matter is further complicated by the fact that full 
scale tests show the difference between biplanes using different 
aerofoils to be less than indicated by model tests. This puts 
greater stress on the value of full flight experimentation and 
less on wind tunnel results. 

Airplane Deterioration 

Tests were recently made at McCook Field on DH-4 machines 
which had seen over 100 hr. of flying service and had been 
built for over eighteen months. These machines had seen 
hard service and had been repaired in a number of places, 
nevertheless, the tests showed that their strength had remained 
satisfactory. 

To those who are interested in airplanes as a means of 
commercial transportation, the depreciation of the machines 
has some importance, and it will no doubt be an encouraging 
bit of news that the loss of strength due to deterioration is as 


Racing Craft 

In building special machines for racing, be they motor care, 
yachts or airplanes, the question of safety and utility should 

vince one that exaggeration in design should be watched. A 
racer should not be allowed to become so extreme that it 
endangers life or loses its value as an aid to transport devel- 
opment. It is really difficult to draw the line. The machines 
that enter the Gordon-Benhctt contest should embody refine- 
ment of design and construction rather than freak or exagger- 
ated structural ideas that get the art of flying nowhere. 


PROPERTY U.S. MR EORCE 
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Naval Architecture in Aeronautics* 

By Jerome C. Hunsaker, Eng. D. 


As an American, I am pleased to have been asked to read 
the Wilbnr Wright Lecture for this year, and for a moment 
to stand in the reflected glory of my eminent countryman. 
Wilbnr and Orville Wright were the pioneers who Mazed the 
trail, and made the first clearing in the wilderness. We engin- 
eers who follow later are only applying modem machinery and 
methods of intensive cultivation in their original field. We 
should, therefore, keep in mind the fact that this field is given 
to ns in trust to keep fertile, that its yield of benefit to man- 
kind shall not diminish. 

I have chosen to discuss the use of the tools of the naval 
architect in aeronautics as I consider that the time has now 
come to use them. The naval architect is a craftsman with 
both artistic and scientific traditions, and the art he practices 
has a technique perfected by the experience of generations. 

It is only a few years since the Wrights gave the airplane 
to the world, but four of those years were years of astonishing 
activity, and the experience of " 
that of forty ordinary yearn, 
experience available which th 

architecture is honrv with ace. Noali probably considered 
and evidently reached a successful solution of the very prob- 
lem of animal transport by sea that confronted our naval 
architects in the Great War. King Hirnm of Tyre must have 
had a very fair naval architect who could fashion ships from 
cedar of Lebanon with a factor of safety and a range of 
stability adequate to cope with Atlantic storm waves. Archi- 
medes. however, is generally recognized as the father of naval 
architecture. He first developed the’ laws of displacement and 
buoyancy, and is credited with the construction in 264 B. C. 
of the Syracusia of 6,000 tons — a veritable dreadnought of 
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down to the days of sail and steam, the naval architect, 
has based his new design npon his last. Factors of safety 

frankly empirical formulae have bt" n ’JJSly" factors oxper- 


n few 


which i . . 
vork I have thrown into . 


.ppea 


fill" incaVculnhle! 

info is not such 


•eight, but 
>n with air 
with fair 


rely that vessels a: 


ailahle a priceless store of learn- 
ing accumulated by generations of shipbuilders which, with 
skill and judgment, he can make serve him.^ He cannot afford 

of vessel must be produced, imagination and judgment of a 
high order arc necessary. There is an artistic side to navnl 
architecture, and for many croft the artistic feeling or flair 
of the designer distinguishes an advance in the art from a 
routine product. 

mnrkcd advance in the art made either without this nrtistir 
feeling for form and proportion or made wholly without refer- 
ence to the lessons of the past. 

Paper read al Ihe annual Wilhnr Wright Lecture of Ihe Koral Aero- 


in England aircraft designers have followed the naval archi- 
tect’s methods more than in other countries. This is, perhaps, 
natural in the first maritime power of the world. In England, 
also. I find a very extensive application of the results of ex- 
perimental research, both model and full scale, which really 
is experience interpreted and analyzed by scientific methods. 

In France T see less influence of experience and perhaps 

departures, omitting intermediate steps of development. 

In Germany there was once a tendency to ’‘professorial 
designs” based too strictly on theory, resulting in strange and 
awkward structures like the Tanhe types. During the war 
something happened to reverse this policy, and we saw a series 
of machines developed step by step, obviousty from experi- 

In America we hnve suffered from the designs of the inven- 
tor without experience and from the practical rule-of-thumb 
man without theoretical landmarks to guide him. On the 
whole, the successful designs hnve been produced by men of 
imagination and judgment applying analyzed experience with 
the best theoretical and engineering information available. 

For very small mseliines the inventor type of designer has 
been very successful at odd times. He hits on a good solution, 
and by a process of cut and try eventually works out the 
faults before his patience or purse is exhausted. For large 

great for cut and try methods. A large flying boat or an 
airship is a success or failure on her first flight. If badly 
overweight, unstable or out of balance there is no chance to 
rebuild. 

In our nnw wo look with suspicion on the man who is more 
concerned with the method of doing things than in the actual 
doing of them, and to avoid any misunderstanding. I must 
say here that 1 wish to mnke my point as to the utility of the 
•ronautionl 


. must float 
fly with the 
either case 


case of an apparently radical departure from previous types 
of construction. I have assembled published weigm data for 
several hundred different airplanes and seaplanes — British, 
French, Italian, German and American — from the smallest 
to the largest, and while the returns in any individual case 
may be unreliable, the general trend is usually quite definite. 
It appears that no designer, whether using solid wood, hollow 
wood or metal, is getting something for nothing, and, in 
general, the percentage weights for machines of similar type 
are remarkably alike. 

If this conclusion be established, a designer may estimate 
the weights of a new design with some degree of confidence 
provided he has data for a somewhat similar type to work 
from. In the tables of Appendix I., I have given weight data 
formachines which are supposed to represent successful designs 
of adequnte strength and power, eliminating all that I know 
to be weak structurally or grossly underpowered, or otherwise 
classed as failures. There may, however, remain some types 
which ought to be eliminated or for which the data is in error. 
However, the plots give little weight to an individual case and 
are used to establish the general trend of the averages. 

I hnve burdened the paper with the entire mass of data 
as designers may have use for it in some other form, or may 
wish to examine more closely the credibility of the evidence. 
Also, this collection of the weights of present-day machines, 
in a way, marks the state of the art. 

The data is summarized on charts to furnish a guide for 
nse in preliminary design. The following general conclusions 
appear to be established : — 

(1) The weight of wings, struts, wires and tail surfaces 
amounts to about 20 per cent, of the gross weight for all 
types. 

(2) The weight of body, fuselage, landing gear, boat hull, 
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the drnwimr office. Very often construction is commenced 
before the drawings are completed, and during construction 
changes and alterations are incorporated without reference to 
their cumulative effect on the weight. A proposed change 
may he approved on its merit and not with reference to a 
definite weight allowance. 

It is essential that before construction, or even detail design 
is commenced, a weight estimate should he made in the nature 
of a weight allowance which shall be treated like a bank bal- 
ance and on no account to be overdrawn. 

Such weight allowance must be mnde from the general de- 
sign drawings before the details are developed and necessarily 
is based on past experience with a similar type of construction. 
This is the naval architect’s method, and to avoid guess-work 
requires extensive records and weight returns from actual 


sail well, others were crank; some ships proved stiff but 
violent in motion, others capsized. Every sort of marine’ 
disaster has occurred and as a result an enormous store of 
experience has been accumulated. In nearly all snoh cases 
a knowledge of the metacentrie height of the vessel has 
proved to be a valuable index to her behavior. 

The metacentrie height or distance from the center of 
gravity to the meta-center is the limit of the distance Gm on 
Fig. 1 as the angle of roll A0 from the normal or upright 


A ship is stable if there is a righting 
of heel. The initial stability is measured by the 
height in the upright position. If the ship be all 


for any angle 


If the ship be already heeled 
uirougu a large angle, sne is still stable if she still has a 
positive metacentrie height. There is thus to be considered the 
problem of range of stability or the angle of heel permissible 
before the metacentrie height vanishes. 

The period of a roll, neglecting damping, is given by the 

t - xfc/ \{g.Gm), where k is radius of gyration. 

It appears that the rolling will be quick and hence uncomfort- 
able when Gm is large. For an easy ship Gm should be small, but 
— » — n — *_ : -ipair the range of stability. For p; 


gcr steamers Gm may be made small with safety, but for war- 
ships it is necessary to provide a larger Gm than the gunnery 
lid desire, to provide for stability in a damaged 
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_>er cent of gross for 20-ton machine! 

(3) The weight of power plant also trends downward from 
30 per cent for small to 20 per cent for large machines. 

(4) The weight light for machines from the sinalle- 1 - *- 

; — g [ 1JiS today r ' -* - 1 *- — 


ir limit at about 53 per 


, _ , e structural weight is high for low-powered machines 

and low for high-powered machines, and in general the best 
weight carriers show about 18 lb. per house power. 

(7) Similarly, the structural weight is high for low wing 
loading and vice versa. 

(8) The wing loading is found to be greater for the larger 
machines, reaching a maximum of nearly 12 lb. per sq. ft. for 
the large flying boats. 

(9) It appears that all the evidence from past practice 

indicates that large flying boats can safely be giv 


Abstract o I Appendix II 

They that go down to the sea in ships are wont to criticize 
a ship' in an off-hand maimer, her wetness or dryness, her 
period of roll, whether she will sail sweetly or prove crank, 
and other mysterious details of her intimate bohavior among 
waves. And' all this with an apparent confidence which to a 
lavman must betoken a wisdom such as Solomon’s. But there 
really is little mystery about it, for nearly 175 years ago, 
Bouguer,’ the father of theoretical naval architecture, hit upon 
the brilliant conception of a metacentrie height to serve as a 
measure of stability. Since that time thousands of ships have 
gone to sea with cargoes stowed in an indefinite number of 


arrangements, and millions of passengers, as wen as annum*, 
have been made violently or mildly ul. Some ships earned 


condition. Battleships sunk in actii 
going under. 

I have spoken so far of the “lateral” metacenter which 
controls the rolling of vessels. There is, of course, a strictly 
analogous "longitudinal” metacenter which controls the 
pitching. 

The metacentrie height is, of course, an index to the statical 
condition only, but for all practical purposes has served the 
naval architect very well. The dynamics of rolling among 
waves' are even more elusive than the theory of airplane 
stability so beautifully developed by Bryan 1 and Bairstow.' 
And just as the naval architect proceeds to design good vessels 
by using his practical judgment based on experience and a 
knowledge of the metacentrie height regardless of the mathe- 
matics of resisted and synchronous rolling, so do we find 
airplane designers producing good airplanes, using practical 
judgment and very little mathematics. I have yet to find 
anyone in a successful airplane design office solving simul- 
taneous differential equations of motion. 

Unfortunately, the airplane designer has not 100 years of 
experience to draw on and there has been no ready handle 
on an airplane to seize upon like a metacentrie height. Con- 
sequently, a great deal must be left to judgment, artistic 
feeling, comparison with other airplanes, and eventually to the 
opinion or prejudice of the test pilot. 

The need for some ready means for off-hand judgment of 
airplane stability and maneuverability has been felt for a 
long time. The mathematics of stability are too cumbersome 
for practical use, and require extensive wind tunnel research 
to establish tho necessary constants. It is my experience that 
we can build and fly a small airplane in less time than it takes 
to perform the stability calculations. 

The general case of the disturbed motion of an airplane 
is not simple, but the longitudinal or symmetrical motion is 
two-dimensional and can be considered apart from the' lateral 
or asymetric motion. For the longitudinal motion, we are 
interested in the pitching oscillations and the criterion that 
such oscillations be stable. For airplanes of normal design, 
if there be a righting moment called into play by any angular 
deviation from the normal altitude, 1 the pitching oscillations 
so produced are strongly damped. In other words, if an air- 
plane bo statically stable it is also dynamically stable, so far 
as pitching is concerned.’ 



12 


AVIATION 


August 1, 1920 


lugust 1, 1920 


AVIATION 


13 


My colleague. Commander Wm. McEntec (C. C.), U. S. 
Navy, suggested the application of the naval architect's meta- 
center to measure the statical stiffness of an airplane's 
longitudinal stability. I have assembled the data from all of 
the wind tunnel tests on complete model airplanes that I had 
available, and have computed the metacentric height from the 
observed slope of the < - 


'"a.v! 


ipe of curve of pitching moment. 

And U = W Gm sin 0 = WGmO, for small angles. 

But M = <A-V/A0)0. 

Then Gm = (1/W) (AM/AO). 

This algebraic definition of Gm has the dimensions of a 
length and amounts to from 2 to 12 feet for modern airplanes 
and flying boats. It is directly proportional to the coefficient 
M - of Bairstow’s notation, but immensely more easy to 
remember for use for purposes of comparison. It is also propor- 
tional to the center of pressure motion. 

Table I., of Appendix II., gives the metacentric heights 
calculated from wind tunnel tests on complete models (ex 
propellers) of 27 types. Airplanes both small and large are 
included, as well as float seaplanes and flying boats. We have 
a truly miscellaneous collection, with British, French, German 
and American examples, which should give a good test of the 
naval architect’s method of classification by means of meta- 
centric height. 

Designers have, in general, been giving a greater metacen- 
tric height for great chord length, which appears reasonable. 

It therefore seems possible from a knowledge of the relation 
of chord to metacentric height for any design to say with some 
confidence whether the machine will be more or less stable 
(stiff) longitudinally than the average, and whether such 
stability will be reasonable or abnormal. 

EBect o/ Change in Angle of Stabilizer Setting 

In Table II. of Appendix II arc assembled calculations of 
Gm from wind tunnel tests in which the setting of the sta- 
bilizer has been altered. 

It is to be noted from these lines that the tractor type tail 
surface is less efficient than the N. C., a pusher type tail 
surface, a conclusion consistent with previ 
work. (A. C. A. R. and M. 438 and 505.) 

Egret of Change in Stabilizer Area 

The values of Gm for changes in stabilizer area ai 
for various machines in Table III. of Appendix II. 
values when plotted against percentage of the original 
lie near straight lines. The variation in the slopes of these 
lines is small and seems to be independent of the original size 
of the stabilizer. 

Fore and Aft Movement of Center of Pressure 

In order to study the movement of the center of pressure, 
the 4 deg. vector location, or line of action of total air force 
for nn angle of incidence of 4 deg., has been determined for 
a number of machines and for various stabilizer settings. 
For each machine the points are found to lie near a straight 
line, the line for the larger machines having, however, a greater 
slope than those for the smaller machines. 

The fact that all of the points so plotted lie very nearly on 
a straight line indicates that the movement of the 4 deg. 
vector with change in angle of stabilizer setting is almost 
entirely dependent upon the wing chord. The average value 
of the movement of the 4 deg. vector per degree change in 
stabilizer setting is found to be 0.033 X chord. 

This movement is forward if the normally negative angle 
between stabilizer and wing chord is increased, and vice-versa. 

In the foregoing discussion I have tried to bring out the 
fact lhan an airplane actually has a metacentric height which 
is entirely under the control of the designer. It would very 
much clarify our knowledge of airplanes if we knew the 
initial metacentric height the designer gave it. Knowing this, 
we could judge with some degree of confidence whether the 
machine is reasonably stable for its type. Further, if we knew 
the metacentr'c height ns designed, the effect of stabilizer 
adjustment could be considered more intelligently than it is 

The adjustable stabilizer is a very useful an4 convenient 
device for altering the balance of a machine, but it also alters 
the metacentric height It is quite possible, by excessive use 


of this means to balance up an otherwise tail heavy machine, 
entirely to destroy the metacentric height and hence the sta- 
bility. The tables and charts I have given here may prove 
useful, I trust, in the consideration of such a possibility for 
a particular design. 

Abstract of Appendix III 

I doubt if there is any one part of an airplane which has 
caused more trouble than the control surfaces; rudders, ele- 
vators, ailerons. The three rudder system of control invented 
and developed by the Wrights made flight possible. It is 
fundamental for three dimensional space. All of the exper- 
imenters before the Wrights failed for lack of proper control. 
Consider the machines which did not really fly of Lilienthal, 
Montgomery, Langley and the other pioneers. As soon as the 
Wrights showed how to control on airplane, any boy could 
make his own glider. Yet, although the fundamental nature 
of this discovery is universally recognized, we know little 
more about the design of such control surfaces than the 
Wrights taught. Control surfaces are proportioned for air- 
planes and airships largely by judgment and experience. 
There is no sure calculation in our handbooks, and the designer 
risks his reputation and the test pilot risks his life on many 
new machines. For civil aviation it is especially important 
that machines sold to the general public have adequate control 
surfaces. This is quite as important as to require adequate 
factors of safety and apparently not one-tenth so difficult. 
However, the areas and proportions of control surfaces arc 
the only things not covered by specifications. We depend 
on the test pilot to state whether he finds the control certain 
and easy. 

When an important feature of design is so largely a matter 
of judgment and feeling we look to naval architecture for an 
analogous problem. The rudders of vessels are made large or 
small, depending on the maneuverability desired. The actual 
design of such rudders is a matter of judgment and experience. 
For a merchant ship -a rudder area from l/75th to l/100th 
the area of the longitudinal section of the ship is found to be 
quite satisfactory for ordinary steering. For warships the 
turning circle is a military feature, and to give quick man- 
euvering a rudder relatively twice as large is used. The exact 
size and shape of rudder to use for any design are determined 
from an anlysis of the rudder proportions of ships of similar 
whose turning circles and general behavior are known. 

' s method is applied to obtain empirical 

itrol surfaces of aircraft of the vn 
the third appendix to this paper. I have there a 
a for a large number of airplanes and airships which 
generally supposed to be successful. The various machines 
dassified by type, and the coefficients for each type are 


S2 Th,* 




it types^a 


practically the ! 
machines vary more widely and reflect the individuality of the 
designers. In particular, the average for 15 German airplanes 
shows an aileron area only eight per cent of the wing area, 
while the averages for Table I. lie between 11 and 13 per cent. 
It must be that the Germans did not desire a powerful lateral 

Table X. of Appendix III. shows similar coefficients for the 
control surfaces of airships. Here we have less uniformity 
and it would appear that airship designers had not yet settled 
upon simple rules. However, experience with airships 
relatively limited when we consider the immense numl 
airplanes that have been built. 

Turning now to the proportioning of the best control 
surfaces; both experience and wind tunnel experiment teach 
that the best control surfaces are narrow trailing portions of 
fixed surfaces. This makes for simplicity both structurally 
and aerodynamically. But a difficulty arises in large machines 
where it is necessary to balance the surfaces to relieve the 
load on the pilot. I know of nothing more embarrassing than 
to have a balanced aileron or elevator flutter violently in 
flight, unless it be to have the balancing portion twist off 
entirely. 

The aeronautical engineer needs some simple rule for the 
design of. balanced control surfaces. It is not practicable to 
make elaborate wind tunnel experiments for every design and 
it is not safe to depend too much on judgment. In order to use 


simple rules, airplane designers must adopt forms which lend 
themselves to simple computations. Many of the forms of 
balancing in common use are aerodynamically entirely inde- 
terminate. For example; consider the types of balancing 
shown on figure 2 of Appendix III. No man ean calculate 
with confidence the force of the air spilling off a wing tip 
and striking an overhanging portion of aileron. There is 
certainly a vortex there of a most uncertain nature. Similarly, 
in the so-called “dove tail” method of balancing where the 
balancing portion of the control surface works in a recess 
in the fixed fin, there is a mutual reaction between the two 
surfaces which is highly indeterminate. The Zeppelin rudders 
have until recently had this form of balance, but I have noted 
with satisfaction that the Bodensee has changed to a partially 
overhung type of rudder. 

The naval architect has long ago been through similar 
troubles with ships’ rudders in rear of the dead wood aft, 
- ’ - ’luded that he would use a plain trailing rudder 
the stem post with an underhung balancing portion 
o- into rlesn water. The dead wood is cut away fo 
Spade rudders 
dead woo.' 
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comes from the longitudinal members of the hull structure 
whose weight increases as the fourth power of the length of 
the ship. 

Consider now, the effect of holding volume constant and 
changing the fineness of the ship. The longitudinal members 
of the hull vary in weight as the third power of the length 
x «— • - the diameter, while the weight of the 

as the fourth power of the diameter. 






If the ship be fattened up, weight is saved on the longitud- 
inals and lost on the transverses. But if the ship be too long 
originally there will result an important net saving in weight 

Finally, I have applied the method to a rigid airship of the 
Zeppelin type (L.49) in an example to show how practical 
answers may be obtained. The displacement of L.49 is as- 
sumed to be 1,940,000 cu. ft, or 129,800 lb. If it be proposed 
to make a new design which shall be similar to L.49, except to 
have 2,000 lb. more bombs, a 25 per cent heavier outer cover, 
the new ship must be given 13,890 
a total volume of 2,145,000 cu. ft 
{placement is, therefore, about six 

On the other hand, if the ratio of length to diameter be 
reduced from 8 to 7, the ship can be built lighter and the 
calculations show that a saving in the new design of nearly 
five tons is due to this change of form alone. As a result, 
a new ship resembling L.49 might be built having the pro- 
posed changes incorporated, and only be slightly larger than 
k-49 i|*- e -> 1,990,000 cu. ft. The principal dimensions compare 

Length L.49, 634 ft., new ship 584 ft 

Diameter L.49, 78.7 ft, new ship 83.5 ft. 

It would appear that a decrease in the length-diamter ratio 
is of great advantage, and were it not for the necessity to con- 
sider the height of existing hangar doors, airships might well 
be made fatter than the German models. 

Abstract of A 

Naval architects first came in 

with seaplanes. The airplane was developed before the s 
plane and at first the great problem was to design the boat 
or float so that the seaplane could actually leave the water. 
The early attempts were rarely successful, and it was not until 
a satisfactory form of planing bottom has been developed by 
model experiments in the towing basin that any consistent 
success was had. The contribution of the model basin to 
aeronautics is too well known to be gone into here. Existing 
methods and apparatus which had been developed for the 
study of the resistance of ships were immediately available so 
soon as it could be demonstrated that Froude’s law of corres- 
ponding speeds applied to the planing action of flying boats. 

" ' ■“ "in was soon demonstr-‘- J **-- 

eaplanes designed fro: 


r be blanketed 


hung balanced control surfaces, a simple calculatio 
for their design. Table XI. of Appendix III. summarizes a 
calculation for such control surfaces on a number of machines 
where the center of pressure of the trailing portion is taken 
at 0.3 chord length and for overhung portion at 0.2 chord 

length. The ratio of bale"™"™ ♦- •- 

coefficient which for the n 
slip stream effects should 

To sum up, control surfaces of the usual type can be de- 
signed by use of coefficients taken from similar type machines 
of normal behavior with every assurance that the maneuver- 
ability of the new design will prove normal. 

Abstract of Appendix IV 

There is nothing more profitless than an argument over a 
proposed design between the operating personnel, who are 
always demanding enhanced military characteristics, and the 
constructors, who are prone to object to change on the grounds 
that their pet design will be spoiled. Most likely both sides 
advance very strong arguments to support a particular view 
matter. But such a discussion should not rest on a 
argument alone else it degenerates into something 
g that ancient impasse: “Are the mountains better 
than the seashore." 

As a matter of fact, the effect of any proposed change in 
military characteristics can be calculated in a sufficiently 
«""mximat« manner to make possible a decision based upon 
:nce. 

■r rigid airships which closely resc 


this paper, I have developed 
s method to apply to airships by forming the so- 
called weight equation as the sum of the principal weight 
groups each expressed in terms of the independent and depen- 
dent variables of the design. This weight equation is then 
differentiated to exhibit the effect of a change in any of these 
variables and formulae deduced, analogous to those which 
apply to vessels, by which a quantitative estimate can be made 
for the effect of such change. 

An airship can be changed in two ways, by preserving 
similitude of form and permitting the volume to vary or by 
holding constant volume and changing the ratio of length to 
diameter. Considering the first case, the factor of proportion- 
ality N computed in the fourth appendix is about 4.5 for a 
ship of L.49 type. This means that an addition of 1,000 lb. 
to the weight of any item in the ship calls for such increase 
in other items, to keep the performance the same that the total 
lift must be increased 4,500 lb. For battleships A. is of the 
order of only 2.5, indicating a much more favorable situation. 
The principal reason airships appear to be at a disadvantage 


e results of model 


II expense 
I to deter- 


Such a 
performance < 
tank experimi 

It is now possible to test in the tank, ai 
and no risk, any proposed form of planing hi 
mine whether or not such a hull is worth constructing run 
scale. It is, therefore, possible to eliminate a great many 
types which would prove to be disappointments, and it is also 
possible to experiment with a great variety of minor modifi- 
cations in form to determine the effect upon general behavior 


Commander Richardson and Comman- 
forms have been developed which for 
e have found superior to the others. One 
is a pontoon which has been used on single and twin float 
seaplanes, and the other is a form of hull which was used for 
the N. C. flying boats. These forms may not be the best 
known, as regards resistance or any other single feature, but 
have proved of all-round utility. With the permission of the 
Chief Constructor, I am giving the lines and resistance curves 
for these models in the fifth appendix as they are a very fair 
representation of the present state of the art. 

It will be noted that these forms are both what is called 
“vee bottom,” and although this form of bottom behaves well 
in rough water and reduces the shock of landing, it is objec- 
tionable on account of the spray thrown out from the chine. 
For a twin float installation, this is often a serious matter as 
the spray gets in the propeller and causes trouble. A recent 
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is been suggested 


■ protect the propeller from spray h 
r C. Loening. Tor twin float mach . 

floats with a bottom sloping outboard from the inner chine. 
This appears to eliminate all spray between the pontoons 
throwing it outboard. 

The experiments in the towing tank record all those things 
which can be measured, but do not record the spray and wave 
formation. We have recently undertaken the study of the 
wave formation which accompanies a planing boat by the use 

at eight times the rate of the commercial machine. When 
projected on a screen at ordinary speed (16 per second^, 
this gives a view of the whole wave system to a microscopic 
time scale. This work is too new to warrant any conclusions 
from it, but I mention it ns being a suggestive means of 
studying a very complex state of affairs. 

An extension of the usual work of the model basin has led 
to the investigation of the strength of flying boat hulls to 
resist the shock of landing. For this purpose, accelerometers 
are mounted in. the hull. Attempts to use the R. A. F. accel- 
erometer were disappointing. This instrument had been used 
in the air for acrobatic flying with very satisfactory results, 
but it appears that the force at landing is too suddenly 
applied to be easily measured by this type of apparatus. 
Another type of accelerometer, developed by Dr. A. F. Zahm, 
has been used with very consistent results. This instrument 
depends only on the deflection of a series of light vertical 
' * ~—s a definite maximum. 


times gravity 
An R. A. F. instrument mot 
ment gave at the same time I 
gravity, respectively. The la 
worthy and appear consisted 

S 'ne foundations on flying 
iled, although they were 


amponent 2.5 times gravity, 
ited alongside the Zahm instru- 

ge vertical components are note- 
with onr experience where en- 
>oats and pontoon struts have 
’ " a load factor of 


In this paper I have discussed in rapid succession five 
applications of naval architecture which could only be devel- 
oped in detail in the appendices. Consequently, I cannot 
expect to have demonstrated more than the existence of these 
methods of attack and to have advertised their utility. It will 
be noted that two principal methods only have been used. 

The first is the analysis of experience by means of a com- 
parison of percentage weights, percentage control areas, etc., 
for a large number of successful aircraft. Similarly an anal- 
ysis of experience is attempted in the comparison of meta- 
centric heights. Normand’s method of differentiating a weight 
equation is also based u]>on experience, and the method will 

great many more airships are available. 

I cannot urge too strongly the general advantage to the art 
which would result from the full and frank publication of 
technical information regarding not only successful designs 
but failures ns well. The failures in particular are priceless, 
but perhaps it is too much to expect of human nature that a 
post mortem on a bad design will see the light of day. 

The second peculiarly naval architectural method used in 
aeronautics is model experimentation. A theory of similitude, 
geometrical, mechanical or dynamical, is used to apply model 
basin tests of boat hulls, wind tunnel experiments on aerofoils, 
and model propeller tests. Such a general use of similitude 
in design is unique in engineering practice and forms the 
closest bond between the naval architect and the aeronautical 

The analysis of experience is really a statistical method for 
which trustworthy data in. quantity are necessary. Given the 
necessary information, the naval architects’ methods not only 
reveal the past and present state of the art as represented by 
engineering coefficients and averages, but also show the trend 
of ‘the more successful designs. In that way, future develop- 
ment can be predicted and the most promising directions for 
improvement. 

To avoid leaving the impression that the naval architect is 
looking backward exclusively, I should like to take the oppor- 
tunity to recall the astonishing success of the little airship 
bui^t hy Dupuy de Lome in 1872. this eminent naval archi- 


tect attained by his professional skill the maximum success 
which the state of the mechanical art at that time permitted. 

His little hand-propelled “Aerial Ship” exhibited all of the 
principal features of our modern non-rigids in their funda- 
mental forms. Control and stability were correctly understood 
and provided for. An air speed meter was also provided. 
The requirements of our modern theory of suspending a car 
below a non-rigid gas bag were met by his suspension system. 
A ballonet and blower were used in accordance with good 
practice. More remarkable still, Dupuy do Lome made the 
envelope of two-ply rubberized fabric and doped it with a 

tight, 

I quote from a contemporary account: — 1 

“The stability was something marvellous; several persons 
moving about in the car at the same time did not produce any 
oscillation. A descent was intentionally made from 1,020 
meters to 600 meters without making use of the ballonet. The 
folds in the balloon then became very marked, and it was, 
interesting to observe the tension of the various ropes as they 
maintained the major axis of the balloon in a horizontal 
position. 

"The complete agreement of the results of the trial with 
those foretold by the inventor will be obvious to everyone. 
Such an agreement, usually so rare, is the more extraordinary 
as in this case all the bases of calculation had to be discovered. 

"Henceforth aerial navigation may be said to possess a 
theory of stability and propulsion. The true history of bal- 
looning will date from the 2nd of February, 1872, a new era 
marked by the invention of the navigable balloon, and ren- 
dered illustrious by the name of M. Dupuy de Lome, so well 
known in connection with scientific progress and invention.” 

In closing, I should like to express my appreciation of this 
opportunity to present before this Society some of the later 
knowledge of the Navy Department in an effort to make at 
least a small return for the very valuable work which the 
Royal Aeronautical Society has done in publishing and dis- 
tributing for the benefit of the art the best knowledge of 
British Aeronautical Engineers. My Chief, Admiral D. W. 
Taylor, Chief Constructor of the Navy, especially welcomed 
this continuation and extension of the cordial relations estab- 
lished during the war, and authorizes me to disclose anything 
and everything of value in the possession of the Bureau of 
Construction and Repair. 

The Secretary of the Navy is much pleased that an officer 
of the United States Navy has been invited this year to road 
the Wilbur Wright Lecture, and desires me to express his 
gratification. The foundation of the Wilbur Wright Lecture 
is an institution very much to the credit of the Royal Aero- 
nautical Society, which is not only the oldest Aeronautic body 
in the world, but also the first to found a permanent memorial 
to my countryman. This early recognition of the Wrights by 
this Society has ample justification, for this very Hall might 
not still exist tonight had not Wilbur and Orville Wright’s 
invention been overhead to protect it. 

In honoring Wilbur Wright, we meet on a common ground. 
Friendly relations between our countries will be furthered by 
Trans-Atlantic flying, and it seems very appropriate that the 
most intimate contact should be maintained by those technical 
and scientific workers who are striving for the same end: 
the improvement and application of the gift of flight left us 
by Wilbur Wright. 


Catalog of Steel Products 

Bruntons, of Musselburgh, Scotland, a large British firm 
manufacturing a wide line of steel products, publishes a use- 
ful catalog of its aircraft specialities. The book consits of 
a number of loose leaves bound between stiff covers, in a way 
that permits obsolete material to be removed, and new inserted, 
thus making it easy to keep it up to date. 

A complete line of cables and wires, both plain and swaged 
are included. The swaged wires are carried in round, lenticu- 
lar and true streamline sections in a number of standard 
lengths, of which complete tables of dimensions are given. 
Wire terminals and universal fittings arc also listed. 

The book will prove useful to aircraft manufacturers and 
aeronautical engineers. 
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Some Recent German Airplanes 



(1) Fokker Cabin Monoplane; (2) View Into the Engine Room op the D.F.W. Focr-Enginkd Giant; (3) the Sab- 
latnig Cabin Monoplane; (4) the Same With Wings Folded; (5), (6) and (7) Views op the Fuselage and Engine 
N.ACKLLE8 op the Staaken Zeppelin Giant 




Dynamic Lift and Ceiling for Airships 

(Concluded from our hut toouc) 

By Alexander Klemin 

Consulting Engineer, Aerial Mail Service and Consulting Aeronautical Engineer 
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To compare the efficiency of dynamic lift with the efficiency 
of buoyancy lift, we can calculate the L/D for the full size 
ship at 82 ft./sec., the maximum speed. 

The buoyancy is 04000 lb. The thrust required at 82 ft./sec. 

.06700 x 133.4* x 82* 

= 5150 

40* 

giving an L/D of 12.4 

It is evident from this that to employ the dynamic forces 
on an airship with a view to supplementing its buoyancy is 
inefficient. The fins of the airship also do not give anything 
like the lift which might bo expected from a good wing section 
or even a double cambered plate. Also presumably owing to 
the disturbance caused by the large airships, the efficiency of 
the fins themselves is very poor. It would seem as if dynamic 
effects should be properly used in maneuvering or increasing 
ceiling only, and not as a means of achieving lift itself. 

It is interesting to establish ns in Table VTII. the propor- 
tion of dynamic lift borne by the hull. 

Dynamic Effect of Hulls in the Two Dirigibles 

The two types are so dissimilar, so many variations are pos- 
sible in the areas of the horizontal fin surfaces, that no very 
rigid comparison is possible. It would seem as if dynamic 
effects would be of about the same order of magnitude for 
either type. 

Table IX. compares the lift which is obtainable from two 
hulls of the volume of the R23 at a speed of 75 ft. per sec., 
for the two types. 


gas, when it begins to descend. A full balloon under these 
conditions would descend to earth unless ballast were thrown 
overboard, wh'ch would elevate it to a new zone of equilibrium. 
If, however, when the airship begins to descend, air is blown 
into the ballonet to compensate for the decreasing volume of 
gas caused by the increasing pressure, the envelope is kept 
full. During this time, the airship is allowed to descend with 
moderate speed by small projections of ballast. As soon as 
the original altitude is again reached, the airship is arrested as 
quickly ns possible by throwing the proper amount of ballast. 
When the descending speed is overcome, the pilot stops blow- 
ing air into the ballonet, partially opens the air valve, and 
throws a little ballast in order to get a very slow ascent. The 
airship now rises to the original altitude during which time 
the ascensional force remains constant because only air is 
leaving the envelope. When the desired zone is reached the 
air valve is closed and gas begins to escape from the appendix, 
the airship coming to rest a short height above the point where 
the air valve is completely closed. 

This somewhat lengthy discussion of maneuvers has been 
introduced to indicate how even a small disturbance involves 
skillful and complicated handling of the airship. 

If the pilot is in a position to make use of dynamic forces, 
he can, when the pressure in the envelope is increased by heat- 
ing, impose a downward load on the airship, and bring it to 
a zone below the original zone of equilibrium, where the excess 
buoyancy will be met by the negative dynamic lift. During 
this descent there will be no escape of gas, since the greater 
pressure of the gas will be met by the greater pressure of the 


It is quite clear from this table that for the same volume a 
i-rigid will have proportionately far less lift than a rigid, 
s is evidently to be expected. Since for the same volume 
non-rigid will have smaller linear dimensions, and tho 
pe of the rigid is such as is likely to produce greater 
dynamic lift. 

It docs not follow, however, that because the Zeppelin type 
hull produces greater dynamic effect, a rigid ship will actually 
have a greater dynamic effect, the question being complicated 
by tho effect of the fins. Actually we have seen that the pro- 
portion of the dynamic .lift is smaller for the rigid. 

On the other hand the dynamic ceiling can be better utilized, 
since it is not necessary to preserve the shape of the bags on 
the descent. 

Maneuver Possibilities o/ Dynamic Lift I or a Non-Rigid Airship 
The proceeding calculations show values for the dynamic lift 

Where a non-rigid airship is maneuvered without use of 
dynamic lift, any variation in the buoyancy produced by such 
a cause as heating of the airship by the sun’s rays, has to be 
met by. expenditure of gas and bnllast as well as use of bal- 
lonets, if a certain cruising altitude is to be maintained. 

When the sun’s rays heat the gas in the envelope, tho pres- 
sure increases, the gas escapes and the airship rises. This 
ascensional movement, whieli in general is small, is not op- 
posed and after a short time the airship reaches a new position 
of equilibrium. The airship remains at this altitude until an 
influence contrary to the first occurs, due to a cooling of the 


f the airship passed into a zone where the air' 

velope would lose its form unless air were blown into the bal- 
loncts to compensate for this, and this would cause a descent. 
To retain the original altitude, ballast would have to be thrown 
overboard, although it might be possible to rise by simply 
opening the air valve mid to lose no gas. The dynamic lift 
would in this case possibly save ballast and certainly save man- 
euvering. 

It hqs been indicated how dynamic lift can be employed to 
check departures from a required altitude zone. 

It is also quite possible to use the dynamic lift so as to rise 
above or below an equilibrium zone. Particularly in conjunc- 
tion with the use of ballonets arc there advantages in using the 
dynamic lift. If the pilot wishes to rise when the ballonets 
are partially full, all he has to do is to open the air valves and 
head his ship up. The ship will rise, the ballonets will empty 
and the gas expand. Subsequently-, by using negative dynamic 
lift and blowing air into the ballonets, the original altitude can 
lie reached without expenditure of either ballast or gas. For 
a descent the ballonets alone are sufficient, and the rate at 
which the ballonets can be filled with gas limits the descent, is 
otherwise the airship will lose its form. 

On making a departure dynamic lift can also be used to 
advantage. As calculations have shown its value is very high. 
Unless it is desired to make a purely vertical ascent, in which 
case ballast must be employed of necessity, the initial dynamic 
lift can be utilized to secure any rate of ascent required to tlie 
capacity of the gas valves. 

Whereas with the use of ballast an airship always acquires 
a certain ascensional velocity which carries it beyond its proper 
equilibrium zone — involving careful manouvers and loss of gas 
as we have ‘just shown — with the use of dynamic lift complete 
control is possible, and the airship can be made to reach any 
desired altitude with no excess loss of gas. The amount of 
increase in ceiling which it is possible to attain by dynamic 
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action is really surprising. Unfortunately, during the ascent 
past the static ceiling there is further loss of gas. 

If the ballonets are so arranged as to correspond to the bal- 
last, then on the descent there will come a point when the am- 
ount of gas in the envelope will no longer suffice to maintain the 
shape of the airship. At such a moment the dynamic lift will 
diminish and consequently equilibrium will be seriously 

It is only possible, therefore, to use dynamic lift in a non- 
rigid : (a) to the point above the ceiling when the safety valves 
begin to work; (6) to enlarge the ballonct volume far beyond 
that corresponding to the ballast, this meaning extra weight 
in ballonet fabric and attachments. The extra weight of bal- 
lonet would be amply justified by the enormous increase in 
ceiling possible. 

Dynamic Action in Airships Not Equipped with Ballonets 

We will consider next the rigid type not equipped with bal- 
lonets. A Zeppelin with a number of bags in the different 
cells illustrates this type. 

If, for special reasons, the first equilibrium position is as- 
sumed to be as low as possible, then only is it best to start off 
with a full balloon, since at any altitude at which equilibrium 
is to be maintained it is better to navigate with a full balloon. 
For a small initial altitude it is better not to complicate the 
piloting problem by starting off with a flabby balloon. 

In any other case, it is better to start off with a flabby bal- 
loon. If the balloon is full at the start, a correspondingly 
greater amount of ballast must be carried. Otherwise there 
would be an excessive rupture of equilibrium at the start, and 
the possibility of a rise too rapid for the escaping gas, with 
consequent danger of bursting. If, therefore, the balloon is 
full at the start of the voyBge, a great deal of cumbersome 
ballast must be carried, which imposes a troublesome duty on 
the pilot — the entire surplus ballast having to be thrown over- 
board. With a flabby balloon the initial rupture of equilibrium 
may be greater than in the case of the full balloon. Since dur- 
ing the passage from the flabby to the full balloon, the buoy- 
ancy remains constant, and not only is the initial rupture of 
equilibrium greater, but it also acts on a smaller mass, since 
there is no excess ballast to be carried. The free balloon will 
thus have a much greater ascensional velocity, which is import- 
ant in making a safe get-away and possibly for military rea- 
sons. There is also less waste of gas than in the case of the 
full balloon. 

For these reasons it may be safely said that a rigid airship 
will always be used as a flabby balloon in its initial stages. 

The first important part played by the dynamic forces on 
the airship is in securing the maximum rate of ascent. With 
flabby envelopes the initial rate of ascent is not limited in 
any way, and the effect of the initial rupture of equilibrium 
may bo increased largely by pitching the airship suitably and 



airship may, when the altitude of equilibrium is about to be at- 

the loss of gas taking place during the spending ol' the ascen- 
sional velocity, or it may be made to replace the ballast by 
giving the airship a positive or upward lift. 

Particularly with military or naval airehips, it is important 
to cariy as large a useful load ns possible, and at the same 
time to reach the highest possible ceiling. The dynamic lift may 

When an airship has reached its maximum nlntude, if any 
loss of buoyancy results, it descends to the ground, as is well 
known, unless this is checked by throwing overboard some 
reserve ballast. The utilisation of dynamic lift avoids the 
necessity of this reserve ballast being carried. 

When an airship is in equilibrium at its maximum altitude, 
or at any intervening altitude, sudden disturbances may arise 
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Automatic Cinematograph for Aerial Surveying 

By Alfred Gradenwitz 



Sketch op Verona, It/ 


Daring the last years of the Great War i 
achieved some remarkable results in aerial r 
neetion with observation flights. This was n 
the so-called Series Topograph, a cinema 
which on a roll of him automatically prod' 
views -of the ground flown over. The individ 
one another so rapidly that the successive 
overlap each other at their edges, form, w 
continuous record of the ground. 

On account of the small weight of the filr 
graphic material can be taken on hoard an a 
several hundreds of views to be taken durini 
thus photographing the whole area covered. 

Recent improvements in this apparatus ha/ 


mapping in con- 
made possible by 
atograph camera 


» minted 


ground have the advantage of 
re and, in opposition to maps, 
characteristic form with the ut- 



villages, houses, lakes, rivers, canals, roads, railroad lines, 
fields, woods, trees, etc., now take the place of dead conven- 

The Series Topograph actually shows the “face” of the 
ground and can be used for the following purposes : 

(1) Preparing town and traffic maps, - tourists' maps and 
the like, the main advantage of the process being due to the 
faithful rendering of the ground as above referod to. 

(2) As a basis in making up plans in road, railroad and 
canal building, river regulation, etc. These records, as ob- 
tained during a single flight, will, especially in countries not 
yet surveyed, ensure an enormous saving of time and expense. 

(3) For naval purposes, e. g., preparing sea and harbor 
maps, for clearing and dredging operations, reconnoitering 




Series-Topogra 
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e Slide Case Opened 


t alterations. 


of sand, shell and coral banks, shoals and c 
flooded areas, etc. 

(4) For preparing aerial sketches of the ground to be used 
either as a substitute for accurate maps, especially in coun- 
tries not yet surveyed, or for supplementing the data used in 
preparing accurate aerial maps. 

The main parts of a Series Topograph outfit are (1) the 
cinematograph camera proper, (2) the driving mechanism, 
(3) accessories. The camera in its turn consists of a shutter 
case and suspension device, an exchangeable slide case, and 
a removable tube and lens system of 60 or 25 cm. focus. The 
slide case comprises a slide with unexposed film, a film-guide, 
exposing window and pressure plate, and a slide for the ex- 

The drive comprises a dynamo, either coupled direct to the 
engine or driven by a propeller, and an engine and change 
gear, allowing six different speeds in the succession of views 
to be obtained. The accessories comprise everything required 
for taking and developing cir 
ing the map or topographic sketch. ” 

It may be said that the surprising usefulness of the appar- 
atus was for the first time evidenced during the Somme 
battle in 1916. At the beginning of the latter the German 
airmen found greatly superior Allied air forces gathered 
against them, completely checking their activities and pre- 
venting them from getting an insight into the Allies’ artillery 
positions, even their own lines being practically concealed 
from them. This situation, difficult in itself, threatened to 
become critical in the absence of aerial reconnoitering, the 
more so on account of uncertainty about the distribution of 
the enemy artillery and no systematic fightingcould be conceived 
of, when a series topograph, intervening at this emergency, 
proved able to alter this state of affairs. Though on account 
A " : " J * s only a few flights beyond the 


of the strong Allied a u 

front could be made by German aviators, the results so ob- 
, __ ,ble that a complete change in fighting 
- * c x-c again 


brought about, the German defeni 


tained . 
conditions 
beginning 
Another 

Palestine canned out in the summer of .1917, ’that is, previous 
to the British occupation, by Lieutenant Jancke, who, in spite 
of particularly adverse circumstances, in less than six weeks 
obta-ned a map perfectly sufficient for strategical purposes 
of that so far unexplored country. 


Major Schroeder Resigns 


Above: Film Cutting and Gluing Frame— Middle : Series- 
Topograph Actuated by Air Propeller — Below: Winding 
the Film on the Developing Frame 


Maj. R. W. Schroeder, A.S., holder of the world’s airplane 
altitude record, has resigned his commission. He had recently 
been reduced to the rank of captain. 



Disposition of Power Plants on Airships 

By R. H. Upson 


Tropical Exposure of Airship Fabric* 

By Guy Barr,B. A.,B. Sc. 


Chief Aeronautical Engineer , Goodyear Tire and Rubber Co. 


In a broad sense, nearly all the structural problems of air- 
ship design are due directly or indirectly to the power plants. 
One of the greatest of these is concerned with the mere loca- 
tion of power units on a large airship. The difficulty is due 


1. (a) To secure the most uniform loading, the different 
weight items should be strung out as much as possible from 

(b) For convenience of operation, the power plants 
should be grouped as near together as possible. 

2. (a) To save resistance and structural complications, the 
motors should be placed one behind another. 

(6) Propulsive efficiency demands that each propeller 
operates on undisturbed air. 

3. (a) For efficiency and comfort, the propellers arc best 
placed toward the rear. 

(6) For maximum safety and proper balance, the power 
plants should be further forwards, usually. 

4. (a) Propellers are more efficient with many units at low 

(6) Engines are usually more efficient with a few units 
at high speed. 

5. (n) Tractors are safer and easier to construct. 

(b) Pushers are usually pleasanter and more efficient. 

6. (a) The most important factor for propeller efficiency is 
to get a large total projected disk area. 

(b) Structurally, this is usually possible to a limited 
degree only, for large propellers are very hard to mount and 
it is equally bard to find enough places where numerous small 
ones can be put. 

The attempt to satisfactorily compromise these conflicting 
items is the basis of many power plant arrangements, the 
most important of which we will classify as follows : 

1. One Engine: In car, either tractor or pusher. (Nearly 
all blimps are in this class. 

2. Two Engines: 

(a) In car (or directly against car) 

1. Tandein, tractor-pusher (example: British C 

and C) 

2. Both geared to same propeller or concentric 

propellers. (Rear ear of R34 and 

Bodensee) 

3. Bevel gear drive to side propellers. (For- 

lanini, early Parsevals and Zeppelins, Capt. 

A Long shafts and universal joints with pro- 
pellers at rear. (Zodiac small twin) 

5. Two independent cars with a motor in each 

(Schutte-Lanz I) 

(b) Engines mounted outside of car 

1. On side brackets (Navy Class C and D, 

British small twin, Chalais-Meudon, etc.) 

2. On single separate frame (British NS ) 

3. In individual housings ( This arrangement ap- 

plies on most twin engine airplanes. 

variously proposed but not to my knowledge 

(c) Engines inside of main envelope. (This has been 

actually built) 

1. Tractor and Pusher. 

2. Shaft drive to side propellers. 

3. Multiple Engines: Usually combinations of single and 
twin engine groups as above 

closed^^space for engineer. (Originated by 
Schutte-Lanz and now typical of Zeppelins, 

Parsevals, and British rigids) 

(b) Transverse frames with multiple engines. (No ex- 

isting examples) 

(c) Long central car supporting all engines. 


1. Engines in car all geared to two large side 

propellers (Forlanini F-6) 

2. Engines on side brackets, set at angles to 

avoid interference (Italian T-34 or Roma) 
(d) Two main cars (no existing examples) 

L Transverse engine frame between 
2. Side brackets 

(«) Multiple independent engine housings mounted, 
single centralized engineer’s cabin with distance 
instruments and controls. (Most multi-engine 
airplanes are of this type) 

1. Outside envelope; direct connected propellers 

2. Inside envelope; shaft drives. 

In the present state of development it is impossible to say 
which is the best There are certain distinct tendencies at the 
which are sufficiently genernl to 1 
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of all kinds. This practically elimi- 



Tiie 320,000 Cu. Ft. Airship C. M. 5, Purchased in France 
B y the Goodyear Tire and Rubber Co. The Power 
Punt Consists op Two 260 Hp. Salmson Engines 
Mounted on Side Brackets, with Direct Drive 
Propellers. 

nates any chance for efficient tractor-pusher units on any job 
like an airship where the “slip” is high. Another point more 
strongly insisted upon to-day, is the importance of not hav- 
ing interference between different propellers. In many cases 
the important matter of gearing down large engines to im- 
prove propeller efficiency, has been temporarily set aside on 
account of the weight and complication of present gear con- 
structions. The desire for simplicity is further illustrated 
in Italy by the almost entire desertion of their beautifully re- 
versible pitch propellers. 

The chief use of gearing at the present time is to permit 
putting two engines in one power egg where they can be at- 
tended by a single engineer. It is to be hoped that with the 
increasing reliability of engines, this paradoxical arrange- 
ment may give way in the future to something like item («)' 


In the middle of 1914 Commodore Sueter sent for test a 
strip of treble fabric, similar to that used on H. M. A. 
“Parseval,” one half of which had been doped with an alum- 
inum dust composition, the other half being left yellow. This 
sample had been exposed for a month to the weather at 
Berbera (Somaliland Protectorate). A similar piece of new 
fabric was also sent for comparison. Under similar condi- 
tions as to size of specimen, rate of loading, etc., these 
samples gave the following figures for tensile strength : — 

(a) New material. 

Yellow half: Two 2-in. test-pieces broke at 

mS ;;;;;;;;;; .v.v.v.} 184 ,b - p " 

Doped half: Two 2-in. test-pieces broke at 

St ib - »- *• 

(b) Material exposed 1 month. 

Yellow half: Four 2-in. specimens gave 

177.0 lb 1 

180.5 lb ! 

175.0 lb f Mean, 88.6 lb. per in. 

176.0 ib 

Doped half : Four 2-in. specim 

176.0 lb 

178.0 lb 

178.5 lb f Menn - 87.4 lb. per i 

166.5 lb 

It was noticed that with this exposed material, the outer 

ply began to break down locally at stresses of from 40-70 
Ib./m. In this respect the doped half was the worse, probably 
owing to its greater stiffness. 

Rates of Leakage 

The Widths sent were insufficient for the application of the 
usualpcrmenhUity test, Imt using apparatus of the type 
described in the Technical Report for 1912-13, page 270, the 
tolowing rates of leakage were found: — 

Yellow hnlf 96 1 

Yellow half 72 f L ' lres per Sq ' m ’ ***■ 

Ycllow half 62 J 

Doped half 2.0 

Doped half 4.4 | 

Material exposed one month. I - . 

Yellow hnlf 33 f Litres per sq. m. per day. 

Doped half 62 • '« ri 

Doped half 15.6 ' -4 

A second sample was received later, which had been exposed 
for another month. The material available allowed of onlv one 
test for strength and one for permeability on each half. 

. half (new completely bleached) gave tensile 

strength 75 lb./in., and permeability 30 litres per sq. m. per 

Doped half.— Tensile strength, 77 lb./in. 

Doped half. — Permeability, 22 litres per sq. m. per day. 

In the tensile test the onter laver gave wav at about 00 
lb./in. in the yellow half, and 35 lb./in. in the doped half. 

The “tendering” of the outer ply of cotton gave rise to the 
suspicion that an appreciable quantity of aridity had been 
generated. To test this, the broken yellow tensile test-piece 
was soaked in distilled water, and titration showed the pres- 
ence in solution of acidity corresponding to 2 cc. of twentietb- 
nonnal caustic soda, i. e., a weight of nearly half a gram of 
* e '° (calculated as sulphuric arid) per square meter. This 


quantity of acid is quite large enough to cause the weakening 
observed in the outer layer. * 

The new material of the above tests was obviously not 
above suspicion, so to obtain further data to compare with 
these results, another sample of fabric was sent to Berbera 
by the Admiralty, and exposed during the winter. This was 
also a treble yellow rubbered fabric, metallized on the outside 
and skinlined on the inside. During exposure the fabric was 
suspended clear of the ground, so that rain should not soak into 
the skin lining. After two months' exposure a piece was returned 
for test. Two other pieces were also tested after longer ex- 
posures. The results of the tests made are given below; in 
the later tests the quantity of material was very small, so that 
the results are only approximate. 



After this exposure the skin lining was still supple and 
continuous, ^ but ^there was evidence of considerable fungoid 


Tropical Exposure More Deleterious 

From these figures alone it is evident that the tropical 
exposure is much more deleterious than the ordinary exposure 
of temperate climates. Bnt the actual properties of" the fabric 
were more changed by the exposure in Somaliland than the 
figures show. Not only was the outer ply of cotton “tendered,” 
giving way at a stress some 20-30 lb./in. below the breaking 
stress, but the gold-beaters' skin was very papery and non- 
extensible, yielding and splitting off from the rubber at 
stresses ns low as 15 lb./in. Ilenco the apparent gas-tightness 
is fallacious, and would be broken down by any considerable 
local pressure change. 

The conditions of the tropical exposure, which had obvious- 
ly differed in degree from those at home, were: (1) the 

temperature, and (2) Hie intensity of the light. 

With regard to (1), the meteorological data showed that 
shade temperatures of 90 deg. F. and over had prevailed very 
frequently during the daytime (in the first series, at any 
rate) : this is some 20 deg. F. or so higher than the normal 
temperatures of English exposure. The difference between 
the mean temperatures in the sun would be much higher. The 
following effects might be expected from this elevation of 
temperature : — 

(a) Any chemical reaction which occurs slowly under 
English conditions would be vastly accelerated. An average 
temperature coefficient for exothermic chemical reactions is 
given by the common statement that a rise of 10 deg. C. 
(equal 18 deg. F.) doubles the velocity of a reaction, though 
variations from this average are frequent. Among reactions 
which might be thus accelerated are oxidation of the cotton 
or caoutchouc by the air, action of the dye-stuff or impurities 
therein on the cotton, action of acid generated by oxidation on 
the cotton. 

(b) Physical effects include (1) evaporation of moisture 
from the various plies of cotton, and from the goldbeaters' 
skin, of possible traces of naptha retained by the rubber, and 
(in the case of the doped sample) of dope solvent, (2) 
changes in the condition of the rubber and of the sulphur 
contained in the rubber layers. The free sulphur in hot-cured 
rubber exists in a colloidal form, which changes very gradually 
to the crystalline modification on the surface of the rubber. 
The slowness of the transformation under ordinary conditions 
is probably duetto the distance from the ^ transition tempera- 
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s of tilt- vopor-pressure of sulphur at 
es, and to "the hindrance offered by the 
runner to the' diffusion of the vapor of sulphur. All these 
influences would be reduced by an elevation of mean temper- 
ature. Removal of sulphur from the interior of the rubber layer 

porosity of the rubber, thus increasing the permeability by 
hydrogen, and the liability to bxidation. 

(2) With respect to the variation in the incident light, the 
data are less accurate, but can be deduced from disconnected 
observations. The light may vary both in total energy content 
and in the distribution of the energy between the different 
parts of the spectrum. Since we are concerned chiefly with 
the chemical effects of the light, and these are most pronoun- 
ced with waves of short length, the difference in intensity 
must be considered in regard to the violet and ultra-violet, 
i. o., waves of about 400 pp. and less. The actual wave-lengths 
of the shortest waves reaching the earth's surface does not 
appear to depend much on the latitude (e. g., Gibbs and Freer 
give 291 up as the shortest wave observed in the solar spec- 
trum at Manila, and quote similar values for observations at 
Assuan, and at Berlin and Zermatt). Hence the differences 
to be found must be in the intensity factor only. Comparisons 
of the intensity of ultra-violet illumination are, of course, 
most scientifically expressed by actual measurements of the 
energy of the various rays, but complete data of this kind ap- 
pear to be lacking. Comparative figures are, however, available 
for some places in the tropics, and in temperate climates, dedu- 
ced from different actinometric readings. These depend, it is 
true, on the absorption of light of a few particular wave- 
lengths, and give no accurate measure of the light of all fre- 
quencies, but they may serve to illustrate the order of the 
differences which 'occur. The following figures refer to an 
actinorncter consisting of a solution of uranium acetate plus 
oxalic acid contained in a quartz vessel, and express the daily 
average of the percentage of oxalic acid decomposed per 
hour during the months of September, October, and 
November:— 

Manila 12.5 per cent. 

Khartoum 17.8 per cent. 

Munich .1.4 per cent. 

The observation: 
violet intensity wni 
days when the sun was at the 
the above averages being due t< 
ologicnl conditions (in these months at Munich there were no 
“clear” days), and (b) in the number of hours during which 
the snn shines (the number of hours of isolation possible at 
the Equator is to the number in latitude 45 deg. as 1.83 to 
1.34). It may be pointed out that Berbera is nearer the 
Equator than 'is Khartoum, and London is in a higher latitude 


me angle), 1 


s taken fror 


of Roscoe. It give 
of light on March 21 


i a text-hook on Photo- 
i quoted on the authority 
a! photographic activity 


5 


5.85 


20 . 1 : 


9 3 18.71 50.01 

10 2 32.91 78.61 

11 1 43.34 98.33 

Noon 47.15 105-30 

Adding together the figures for each hour we get as the total 
for the day: — 

Manchester 249.2 

Cairo 602.9 

and from other figures : — 

Iceland 100.7 

The Cairo figures bear to the Manchester ratio I'/i to 1 
approximately, which is half of the ratio found above (for 
other rays) for Khartoum figures to Munich. 

It is hence probable that the photo-chemical action of light 
nt Berbera during a given period of exposure may be anything 
up to five or more times that in England. 

As to the nature of the photo-cliemieal action, the following 
facts may be adduced : — 

(1) It has been found, e. g., by Paterson, that exposure 


to light causes the insulation resistance of ebonite (highly- 
vulcanized rubber containing up to 30 per cent, of free sul- 
phur) to fall very rapidly. This change was proved, by some 
acidity determinations made by the writer, to be accompanied 
by and probably due to the formation of sulphuric acid on the 
surface of the ebonite. Both changes were very retarded by 
protecting the ebonite with yellow glass, i. e., were almost 
certainly due to the action of ultra-violet light. 

(2) Acidity of the same order of magnitude (per unit 
area) as was found in these experiments has been found on 
the surface of the first yellow fabric exposed at Berbera. (See 
above. ) 

(3) The bleaching of dyes is usually considered to be a 
photo-chemical process which is most sensitive to ultra-violet 
light. The dye on the Parseval fabric withstood nearly a 
year's exposure here fairly well, but was almost completely 
destroyed in the exposure at Berbera. 

The experiments made in 1910 on exposure of two fabrics to 
the light from a quartz-mercury-arc give no conclusive data 
for the present purposes. These exposures were made in 
order to obtain comparisons between two different types of 
fabric, and the necessity of exposing considerable surfaces at 
the same time led to the lamp being some four feet from the 
fabrics. Under these circumstances the actinic intensity of 
the lamp (as given by a photographic exposure meter) was 
only about l-60th of that of a bright midsummer noon sun 
here, i. c., as regards the actinic value of the light the exposure 
was probably roughly equivalent to, or possibly less than, a 
continuous outdoor exposure of the fabrics. By using very small 
permeability pieces, as had been done for the Berbera tests, 

light, ^the effects should be comparable with, or, with a spec- 
ially arranged lamp, considerably greater than, those due to 
ultra-violet light in the tropics. 

Apparatus of this kind has been set up, and experiments 
are in progress to' compare the deterioration of various types 
of balloon fabric when exposed to the light of the lamp, and 
when exposed at Berbera. 

Exposure tests in the tropics of the following fabrics and 
samples are also suggested for balloon fabrics : — 

(a) A chromate colored cloth, i. e., with rubber cold-cured 


(b) 1 


doth, i. 


th rubber hot-cured. 


uetallized 

including direct spraying without an 

(d) Any or all above with dopes outside. 

(e) One or two of above with goldbeaters’s skin inside. 

(?) One or two of above with a yellow cotton fabric tacked 
over it. without rubber, or with one thickness of Wratten’s 
“safelight” fabric. 

The fabrics should, if possible, all be of similar manufac- 
ture, i. e., made from the same rubber and same cotton. 

tensile tests, so that one half could be returned after one 

the same time a piece from the same strip would be kept at 
the laboratory, so that the same warp threads could be tested. 
During exposure, (e) would be tacked over a box or frame, 
so that the skin should not get wet. For airplane fabrics: — 
M: SR- >'6. of doped linen (Emaillite or similar dope). 

V 2 sq. yd. of doped linen (doped with size, or casern mix- 


General 

Pieces of cotton, linen and silk, canvas without filling or 
proofing. 

Actinorncter readings might be taken in order to get more 
light in the tropics, ns compared with this country. 

Further comparison pieces of each fabric sent out might be 
stored during the period of exposure stretched out in a shod, 
with a roof similar to that which would be used on the airship 
shell. This would indicate whether the heat and drought, etc, 

strong light and dew. It is hoped that some of the material! 
(c) or (f) may stand all the tropical conditions fairly well. 
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U P in the air 17,150 feet with pilot and three pass- 
engers aboard! The Orenco Type F Tourister made 
this great record recently — and Valspar helped. 

Only one varnish made has the elasticity to stand such 
terrific vibration and strain without cracking, and that 
varnish is Valspar. 

In addition, Valspar is proof against the elements. It 
protects wood, metal or fabric with its unsurpassable tough- 
ness. It resists destructive effects of high speed and hard 
usage. 

These remarkable qualities have caused Valspar to be uni- 
versally accepted as the standard airplane and seaplane varnish. 
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